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ABSTRACT 
A parameterization is provided for ;he bremsstrahlung spectrum in 
the incident electron energy range 1 - 500 keV for all elements, with 
particular emphasis on the range 20 - 100 keV for Z = 41-92. A general 
accuracy of 20% is achieved, with 50% in the worst cases, in most ranges 
utilizing simple one variable functions. 
*This work was performed under the auspices of the U.S. Department of 
Energy by Lawrence Livermore Laboratory under contract No. W-7405-Eng-48. 
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I. Introduction 
The objective of this work was to provide a parameterization of the 
bremsstrahlung spectrum and to compare its predictions with sample calcul­
ations. The focus was on the characterization of the spectrum for elements 
Z * 41-92 (but also considering lighter Z), for many degrees of ionization, 
for .he range of incident electron kinetic energies 2 - 500 keV with partic­
ular emphasis on the range 20 - 100 keV. The ultimate objective was 5-10% 
accuracy, but the goal for this work was general 20% accuracy, 502 in worst 
cases. . 
These objectives have been generally achieved, and generally in terms 
of simple one variable functions. Our accuracy is generally 20% or better 
in the energy range 20 - 100 keV. By 500 keV 50? errors are found in the 
hard photor. region of the spectmm from high Z elements. By 1 keV there are 
50% errors in the soft photon region of the spectrum for both small Z and 
large Z elements. 
Our strategy has been (1) to describe bremsstrahlung from ions in terms 
of bremsstrahlung from neutral atoms and brerasstrahlung from a point Coulomb 
charge, (2) to then also describe bremsstrahlung from neutral atoms in terms 
of bremsstrahlung from a point Coulomb charge, and (3) to show tnat simple 
characterizations are available for the various cases of the Coulomb spectrum. 
We therefore begin in Sect. II with a discussion of the point Coulomb case, 
followed by a discussion of screening in Sect. Ill and ions in Sect. IV. In 
Sect. V we identify problems which would need to be resolved to extend the 
range of validity of our approach or to improve its accuracy. In Sect. VI we 
summarize our current prescription for the parameterization of the bremsstrah­
lung spectrum and in Sect. VII we compare its predictions with numerical cal-
£ - 3 
dilations. Section VIII.summarizes the conclusions which can be drawn 
about the parameterization of the bremsstrahlung spectrum. 
II. The Point Coulomb Case 
Our treatment begins with the observation that in the energy range 
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of concern., for high 2 elements nonrelativistic dipole approximation is 
valid throughout (this is an illustration of the cancellation among rela-
tivistic, retardation and perhaps higher multipole effects which has been 
observed in a variety of processes), whereas for low Z elements once non-
3 relativistic dipole approximation fails relacivistic Born approximation 
4 
combined with the Elvert factor is good. The second observation is that the 
application of the nonrelativistic dipole approximation can be divided into 
a classical (Landau-Lifshitz ) regime and a quantum regime, and that when the 
classical result fails a nonrelativistic Born-Elwert result is adequate. 
The third observation is that the classical bremsstrahlung spectrum can be 
well characterized in terms of its two limiting forms: the soft photon limit 
(logarithmic divergence) and hard photon limit (Kramers formula ). The 
essential aspects of the regions of validity of these simple approx-m.;.ions 
are charted in Figs. 1-3, where Fig 1 shows the validity of simpler approx-
2 imations relative to the Sommerfeld formula and Fig. 2 (for Z=26) and Fig. 
3 (for Z=74) show validity relative to exact numerical point Coulomb calcul­
ations. These figures and approximations are discussed in subsections below, 
beginning with (a) the classical Landau-Lifshitz formula and its character-
2 ization by hard and soft photon limits, (b) the Sommerfeld formula a .id its 
characterization by either a classical result or nonrelativistic Born-Elwert, 
and (c) the full relativistic Coulomb case and the validity of relativistic 
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Born-Elwert (Bethe-Heitler-Elwert). The conclusion is that four simple 
formulas (three of them single-variable formulas) suffice. 
a) Approximation for Classical Coulomb Bremsstrahlung 
The classical brerasstrahlung radiation spectrum associated with motion 
of an electron (without energy loss) in the field of a point charge Z on a 
Coulomb trajectory (note the change of orbit with electron energy loss by 
radiation is neglected) is given by Landau and Lifshitz (LL). One might 
suppose that the LL result would only be valid for radiation of photon 
energies k small compared to the incident electron kinetic energy T , but 
even for k/T, •»- 1 LL agrees with the semi-classical Kramers formula 
o(k) - 5.61 mb, and LL is indeed a valid approximation to the quantum 
Sommerfeld result for low T even toward '-,T t. 1. For o(k) : &HV.IZ1) 
(do/dk) the result is 
a ( k ) - ^ I «;>)«#>'(lu) (1) 
J 111 1U 
where H and H are the Hankel function and its derivative respectively. v 
The result is a one variable Eunction of u = -^- , (with v = Zo/gi, Hi the 
incident electron velccity) which has been tabulated by Florescu and Costescu. 
16TTO 3 (See Table 1) The simple Kramers formula a = 2r 5.61 mb away from the 
3/3 
soft photon end of the spectrum, together with o = (16a3/3)t.n(2/Yu), (y=eC, 
c » Euler's constant) at the soft photon end, may be combined to give a 
semiquantitative representation of the full classical result. 
Further terms in the soft photon (smaller p) and the hard photon (large u) 
5 
7 expansions have been obtained by Florescu and Costescu. the expression 
for small u is 
o(k) - rj- (l + im)»n ~ + 0(v 2). (2) 
The expression for larga p is 
g(fc) - ^ E - t(l + d u' 3 + d,u" 3 + 4.a "2 + 0(u~ 3 ) ] , (3) 
3/3 X 2 1 2 
where d. » 0.217747, d. - -0.0131214, and d d, = -1/350. The comparison 
of LL with these more complete small u and large |j expansions Is given in 
tables 2-3. The switch over point between the two expressions is chosen 
to be ii - 0.3. With this choice the error of these approximations in 
comparison to the exact classical result is about 2% in the worst case. 
b) Approximations for the Sommerfeld Formula 
The electron bremsstrahlur,^ spectra which follows from the quantum 
theory of radiation in nonrelativistic dipole approximation was obtained by 
2 Sommerfeld. The result is 
o(k) 16TT
3 , 1 
m J.OH- 3 1 „ 
3 ° (e 2 T r vl-l)(l-e- 2™2) ° 
d_ 
dX, |F(iM r iv 2; 1; X 0 ) |
2 , (4) 
with v. » Za/6 and X » -4v V./(\J - v j , where F is the hypergeometric 
function. 
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A tabulation of the Sommerfeld formula is given by Florescu and 
Costescu (table 4). They have also examined the circumstances in which 
this Sommerfeld formula begins to deviate from the classical prediction of 
LL, obtaining a delineation of the classical region similar to that shown 
in Fig. 1. For v 1 > 5 the difference between classical and nonrelativis-
tic quantum predictions is less than 5% for almost the entire spectrum, 
while for higher energies (smaller v.) classical results are increasingly 
restricted to the soft photon region of the spectrum (continuing to remain 
valid in predicting the existence and coefficient of the logarithmic 
divergence at the soft photon end of the spectrum). 
For high energies (where v. and v„ are both small) the Sommerfeld (S) 
fo: :iula reduces to the nonrelativistic Born approximation result 
ffW-!f.3tn !£ i 
3 P fP 2 
away from the t ip, while at the tip (v small, v- large) it reduces to 
a = (16ir/3)a3v . 
These criteria are satisfied in a relatively restric::4. region where ve 
shall see that in fact S is no longer valid (except foi the very lightest 
elements) due to the need to include relativistic effects. Born approxima­
tion also gives the correct logarithmic (but not constant) term of the soft 
photon end point, for any choice of v. so that it remains valid sufficiently 
near this limit. 
Born approximation can be improved (Elwert-Eorn) by multiplying by the 
JWWij.igr 
-2WV- -2nv 2 
factor f_ = (v„/v.) [(1-e )/(l-e )] which can be identified as 
E £ 1 
the ratio of the Sommerfeld prediction to Bom approximation (note f -1 
at the soft photon endpoint of the spectrum). This approximation was 
derived from S under condition that 2ir(v,)-v1)<<l, but in fact it was found 
to have greater validity, extending to the tip region where v becomes 
large. (At low energies EB predicts a tip value a - 6.2 mb, not too differ­
ent from Kramers, so that EB is good at both endpoints of spectrum for all 
T.. However at low energy, in the classical region, EB gives a poor result 
throughout most of the spectrum.) The Elwert factor is correcting the Born 
normalization of the outgoing electron, and relaxes the requirement that 
v ? be small, while largely leaving the requirement that v. be at least not 
Q 
too large. 
We show the validity of EB in Fig, 1. The important result is that its 
region of validity overlaps that of LL at the 10% level. Tf we use as a 
switching criteria v [l-(k/T )] = 0.7, we will not make errors of more than 
13% 0% comes from the approximated classical result). In fact we may 
simplify EB to a one-variable formula by dropping the exponential factors 
in the Elwert factor. This will be valid if 2iZa/B, J 3 or if p % p . 
The bound of this region is also shown in Fig. 1. In the region beyond this 
bound, S is no longer v-lid (low Z) or we are beyond the energy range of 
interest (high Z). Hence for our purposes here we may take EB in its simplified 
one-variable form. 
c) Approximations for the Full Relativistic Calculation 
The validity of the Sommerfeld nonrelativistic dipolr. calculation is 
illustrated in Figs. 2 and 3. For high Z it may be used throughout our energy 
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range, while for low Z (Z-26) it fails at the 10% level for u < 0.5. 
3 Relativistic Born approximation (Bethe-Heitler ) is also available, 
but restricted in validity to low Z elements away froa tip. In this approx­
imation the spectrum becomes 
o(t) = a - l!l Y2 4 pl 2 + p2 E 1 E 2 £2 E1 
3 1 2pjp* p{ p| ¥ 2 
+ L 
8 ¥ 2 ^gfpjpj) k + + 
n 
lhh • I . 2 P l P 2 
E l " 
*,M>? "11̂., , *W 
"2 
2 2 
P L P 1 -
where 
2£n 
2 \E 2-P 2 
/ V p l 
1 VEJ-PJ 
The exact Bethe Maximon high energy limit (away from the tip) indicates 
that BH makes errors of 10% in the limit. 
The Elwert factor has been used to improve relativistic Born approx­
imation (EBH), particularly at the tip end of the spectrum. For low Z 
elements this procedure gives satisfactory results for the entire spectrum. 
We show in Fig. 2 and 3 the validity of EBH. Once again we find that, 
considering the overlap in the validity of EJ3 and EBH, we can take a simple 
switching criteria T - (2a)11, where a = Za. 
***-< 
A comparison of results obtained by this prescription with our point 
Coulomb data is given in Table 5. With these approximations, the overall 
error is less than 15% for Z=26, for energies T = 5-200 keV, and 13% for 
Z = 74, for energies T, = 5-100 keV. For hjgh Z <Z=74) and high energies 
(T ^ 500 keV) this approximation gives a ^50% error at the hard photon 
end. 
III. Screening 
Screening of the nucleus by atomic electrons substantially reduces the 
bremsstrahlung cross sections, particularly at low energies. In th<; nonrel-
ativistic quantum regime an accurate form factor approximation (EBF) givts 
a fairly good estimate of the reduction due to screening. In the relativ-
istic regime of concern here screening effects are small, while in the 
classical regime, where Born approximation is no longer valid, EBF also 
fails. Comparisons of EBF and ES results are given in Tables 6-7. The 
ratio of EBF/ES to EB/EC pinpoints the error of Born approximation screening 
and indicates when other mechanisms become important. The ratio is close to 
1 except for Z = 79 at 5 keV, as shown in Tables 5-6. The problem in this 
case is less serious at the tip, where EB has remained valid. 
For our purposes here we shall demonstrate that we can choose an 
effective Q in a potential (-Ze2e s )/r, such that form factor approxima­
tion gives an adequate description of screening effects through the ranges 
of concern here. EBF has not reduced the cross section enough, which can be 
described as saying there is more screening than the form factor describes -
ef i.e., Q is larger than Q . Comparisons of form factor results from various 
ef '/o choices of Q and ES are given in Figs. 4-7 with Q = Z 3/192 (derived in s s 
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,0.35 
Jackson ), and the choice Q 6 = ' , g l ' t h e E B F P r e d i c i t o n f°r the 
spectrum is 
o(k) = f.a* Q
2 < & max . min 
tfK + o,n2 xnSf2 L 2 < i n < > 2 ( Qmin*C > 
+ I t a^ a x< 2)-| W«min< 2 )] (7) 
We show in tables 8-10 how "ell this EBF reproduces ES data as well as 
how accurately it characterizes the screening effects. 
IV. Ions 
The bremss:ahlung spectrum for ions may be obtained by interpolating 
between Coulomb (o . ) and "exact" screened (a .) neutral at.™ results. 
Define the "ionization factor" 
o(k/T ,1 ,Z,Z ) - <j(k/T1,T1,Z,0) 
Kk/T., T, Z, Z.) = - i- 1 - X- -- - i 1' ' ' i' 0(k/T1,T1,Z,Zi) - a ( W v T v Z , 0 ) 
Then the spectrum for ions can be written in terms of Coulomb and screened 
atom results as 
a(Z,Zt) = Io(Z,Z) - (1-1) o(2,0) , (8) 
where o(Z,Z) is the Coulomb spectrum and c(Z,0) is the screened neutral atom 
spectrum. The behavior of I was studied by Lee et. al. with the results 
shown in Figs. 8-9. The ionization factor varies from 0 for neutral atoms 
to 1 for totally stripped atoms. When k/T- = 0, I is simply equal to (Z./Z)2. 
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We choose, I = (Z / Z ) 3 , since except for low energies (T * 1 keV) or 
very near the soft photon end, it gives a fairly good interpolation between 
Coulomb and screened results. Comparisons of results obtained by this 
prescription with our ionic data is given in table 11. The error is no 
"iore than I5t except for Ho (Z=42) and W (Z=74) at T = 1 keV. 
V. Remaining Problems 
1. Coulomb case. 
For high Z elements at high energies (T ^ 200 keV) the EBH approximation 
gives too small a value in the tip region. We know that near the tip the p 
wave contributions of low energy outgoing electrons become important foi ligh 
Z elements, and are responsible for RBH or EBF beign too small. Away from 
the tip the Sethe-Maximcn results :;how that errors of 102 persis1. in 3H. 
Another problem is to understand the switch from EB to EBH. We need more 
data for intermediate Z's (Z=42"-7()^ co understand the underlying mechanism 
of the performance of EB and EBH. 
2. Screening 
At present we are using an effective form factor which remains adequate 
farther into the classical screening region at the expense of a more correct 
description at higher energies where however screening effects become smaller. 
To improve the screening predictions, ve need to understand the behavior 
of the screened spectrum in the classical region. How to character^ screening 
in this region and how to switch to the quantum form factor approach remains to 
be established. Also we need to use a more adequate simple analytic character­
ization of form factors, together with an understanding of the sensitivity of 
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results to the features and detail of the form factor. 
3. Ions. 
A more sophisticated approximation to the ionization factor I may make 
it possible to achieve more satisfactory ionic data in the interpolating 
between Coulomb and neutral results. We will need additional ionic data to 
check the validity of various possible approaches. 
4. Applications 
These results must be used with caution for some applications, such as 
the calculation of the bremsstrahlung process in high temperature and high 
density plasmas. It is not necessarily realistic to use "isolated" ion or 
atom results by characterizing the Z. for the plasma, or to use one average 
•item to characterize the constituents of the plasma. We need to compaic 
results obtained from calculations within finite temperature average atom 
potentials (such as Thomas-Fermi) to establish the validity of the Z, 
approach. 
VI. Prescription 
I. Coulomb case 
^ 7(v 
A. v (1 - --) < 0.7 where (v = — , p = /2T ) use classical approx; jtion. i ij J. p. 1 1 
v Lk 
1. u l 0.3 (where u * -— ) use hard photcn approximation (a). 
1 
2. u < 0.3 use soft photon approximation (b). 
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B. M (1 - — ) > 0.7 use Elwert-Bom 
1 1 
1. for T. £ (2a)1*, where a = llL use simplified nonrelativisEic 
EB. (c) 
2. for T > (2a)1* , use Elwert-Bethe-Heitler. (d) 
II. Screened case. 
With the Yukawa form factor, 
nef 3.0 Z 0 - 3 5 
% 192 
use screened Elwert-Born-form factor formula (e) 
ITT. ions 
a(Z.Z.) = I?(Z,Z) - (I-l)a(Z,0) 
where I = ( Z ^ Z ) 3 . 
Approximation formulas 
a. a(k) = — (1 + d.n"2' : + d, u" V3 + d , d - 2 + 0(V~% 
3/3 l l L 
where dj =• 0.217747, dj = -0.0131214 and d d 2 = - ~ 
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b. o(k) ' ~ ( 1 + vU) la— + 0(u 2) 
where y i 1.78. 
c. aW -J* • f •*» (*JLlh\ 
h 3 \h~h' 
where p x • /2T^ and p 2 = /2T (1 - ~- ) 
d. ,(k> - oB H(k) • fE, 
where 
P̂» ( A p i + ?2 E i E ? E? E1 V o O W • a3 — < * - 2EE -i l- + - O + J J - ±1 BH W p , ) ! "1^2 ~ T 
1 1 P - 2 Pf P2 V 2 
+ L ^ + ! S i i z l l + ^ r ! i v i 
L 3 P1 P2 p 3p | V 2 V p 3 S l 
E1 E2 + A _ + ^ 1 E 2 
pj 2 p| P£ -J 
k J l \h' h) ' 
and f = J I J L J i .....u .. _ Za 
/ E 2 + P \ 
2 V E 2 " P 2 
E = v, -2irv, ' w i t h vi ' T • N o t e t h d t relativistic 
1 1 - e z i 




Q 2 Q2< 
max min ef2 o e f 2 
2 ( 0 / , +<? ) 2 ( Q 2 ( +<f ) 
min s min ^s 
+ ~ i n ( 0 / + Q e I ) - i stn(Q2 + Q e : ) 
2 ^raax s 2 min ^s 
W l l e r e Qmax = P l + P 2 ' Q min = P l * P 2 ' 
Q 
ef 3.0 « Z ° - 3 5 
s " 192 
VII. Comparison of prescription with numerical data. 
A. Point Coulomb 
We show in table 5 the comparison of results obtained form our pre­
scription with exact numerical point Coulomb d^ta. The accurac.' of our 
prescription is within 10% for T. i< 50 keV, the error reaches 202 by 
T T. 200 keV in the tip region. 
B. Neutral Atom 
12 We show in table 8 the numerical data taken from our tabulation for 
neutral atoms. In table 9 we show the results obtained from our prescription. 
In table 10 w»; show the results of their ratios. For low Z cases except near 
Che soft photon end, our prescription gives a 15% accuracy for T = 5-50 keV. 
For high Z cases the range is T, • 10-100 keV for the entire spectrum. At 
higher energies (T > 200 keV), the prescription fails (becomes too large) 
in the hard photon end. At lower energies at the soft photon end (T. < 5 keV) 
the prescription remains adequate for intermediate Z, but is too small for 
low Z, too large for high Z. 
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C. Ions 
Good agreement is obtained with our limited data for ions, generally 
within 10-202 except at 1 keV for intermediate and high Z cases. 
VIII. Conclusions 
We have obtained a parameterization of the bremsstrahlung spectrum for 
calculating energy transport in laser produced plasmas. Accuracies achieved 
are 20? in general, 50% in the worst cases. A particularly striking result 
is the nearly complete characterization of the Coulomb case. Improvements 
in accuracy and range are possible, particularly for the neutral atom case. 
One also should be aware of the possible limitations in assuming a Z.for a 
plasma and applying the isolated ion results obtained from our prescription. 
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Table Captions 
Table 1. Tabulation of ex . (taken from Ref. 7). cl 
Table 2,3. Comparison of classical Landau Lifshitz result (eq. 1) with small 
U and large u expansions (eqs. 2-3).(taktn from Ref. 7). 
Table 4. Tabulation of the Sommerfeld formula from Florescu and Costescu. 
Table 5. Comparisons of approximated point Coulomb results with exact 
numerical results. 
Table 6. Comparisons of EBF and ES and EBF/ES to EB/EC ratios for Z = 13. 
Table 7. Same as above (Table 6) for Z = 79. 
Table 8. EXACT numerical bremsstrahlung data for neutral atoms. 
Table 9. Approximated bremsstrahlung data for neutral atoms obtained from 
Eq. (7). 
Table 10. Ratio of approximated to exact numerical bremsstrahlung data (from 
Table 7 and Table 8). 
Table H . Comparisons for the ionic data. 
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Figure Captions 
Figure 1. Validity of nonrelativistic EB, LL with respect to Sommerfeld's 
formula. 
Figure 2-3. Validity of nonrelativistic EB, S, LL and EBH with respect 
to exact numerical results (EC). 
Figure 4-7. Comparison of EB-Yukawa form factor results with different 
ef choices of Q with ES. s 
Figure 8-9. Z./Z dependence of ionization factor (Eq. 8). 
Table 1. Tabulation of a 
V 0 1 cl V °cl 
0.01 15.028 0.12 9.2555 
0.012 14.529 0.13 9.1172 
0.014 14.114 0.14 8.9924 
0.016 13-760 0.16 8.7751 
0.018 13.452 0.18 8.5917 
0.02 13.180 0.2 8.4341 
0.022 12.937 0.22 8.2968 
0.024 12.718 0.24 8.1758 
0.026 12.519 0.26 8.0682 
0.028 12.337 0.28 7.9716 
0.03 12.169 0.3 7.8843 
0.035 11.801 0.32 7.8049 
0.04 11.490 0.34 7.7324 
0 045 11.223 0.375 7.6192 
0.05 10.988 0.4 7.5473 
0.055 10.781 0.45 7.4214 
0.06 10.596 0.5 7.3146 
0.065 10.428 0.6 7.1422 
0.07 10.276 0.7 7.0082 
0.075 10.137 0.8 6.9005 
0.08 10.009 0.9 6.8115 
0.085 9.8907 1. 6.7366 
0.09 9.7810 1.25 6.5916 
0.09S 9.6789 1.5 6.4858 
0.1 9.5834 1.75 6.4047 
2. 6.3401 
2.5 6.2430 
Table 2. Comparison of classical Landau lifshltz result (eq. 1) with small 
U and large u expansions (eqs. 2-3). 
u 0 1 cl 
- " " • ~ ~ 28.832 
0.0001 23.886 
0.0005 21.774 0.001 
16.987 0.005 




















Table 3. Comparison of classical Landau Lifshitz result (eq. 1) with small 
p and large p expansions (eqs. 2-3). 
V °cl a 
0.3 7.88 7.79 
0.5 7.3146 7.2296 
1. 6.7366 6.7205 
2. 6.3401 6.3373 
3. 6.1728 6.1718 
4. 6.0768 6.0763 
5. 6.0134 6.0131 
6. 5.9677 5.9676 
7. 5.9331 5.9329 
8. 5.9057 5.9056 
10. 5.8648 5.8648 
14. 5.8133 5.8133 
20. 5.7698 5.7698 
SO 5.6055 5.6055 
Table 4. Tabulation of the Sommerfeld formula from Florescu and Costescu. 
t / T l \ 
0.001 0.01 0.1 0.5 
0.001 25.631 25631 25.598 24.883 
0.002 23.487 23.488 23.458 22.755 
0.005 20.651 20.652 20.630 19.959 
0.01 18.501 18.504 18.493 17.868 
0.02 16.344 16.348 16,358 15.811 
0.04 14.170 14.178 14.223 13,806 
0.05 13.465 13.474 13.535 13,175 
0.1 11.242 11.258 11.389 11,274 
0.15 9.9040 9.9272 10.120 10,211 
0.2 8.9264 8.9557 9,2066 9,4815 
0.25 8.1440 8.1792 8.4858 3.9312 
0. 7.4832 7.5240 7.8850 8.4923 
0.35 6.9041 6.9505 7.3656 8.1292 
0.4 6.3829 6.4348 6.9043 7.8208 
0.45 5.9035 5.9611 6.4858 7.5541 
0.5 5.4548 5.5182 6.0996 7.3200 
0.55 5.0281 5.0973 5.7379 7,1123 
0.6 4.6163 4.6916 5.3946 6,9267 
0.65 4.2130 4,2947 5.0647 6,7597 
0.7 3.8119 3.9005 4.7437 6,6088 
0.75 3.4059 3.5019 4,4274 6,4721 
0.8 2.9859 3.0901 4.1114 6,3482 
0.85 2.5382 2,6519 3.7910 6,2354 
0.9 2.0377 2.1630 3.4610 6,1322 
0.95 1.4214 1.5630 3.1219 6,0370 
1- 1 2.8847 5.9479 
Table 4. Continued 
k / T l \ 
0.001 23.591 21.705 
0 002 21.476 19.614 
0.005 18.715 16.910 
0.01 16,671 14.940 
0.02 14.689 13.072 
0.04 12.801 11.350 
0.05 12.219 10.833 
0.1 10.511 9.3667 
0.15 9.5921 8.613; 
0.2. 8.9796 8.1267 
0.25 5.5281 7.7768 
0.3 8.1748 7.5082 
0.35 7.8871 7.2930 
0.4 7.6460 7.1150 
0.45 7.4396 6.9643 
0.5 7.26O0 6.8343 
0.55 7.1014 6.7206 
0.6 6.9598 6.6198 
0.65 6.8324 6.5296 
0.7 6.7166 6.4481 
0.75 6.6107 6.3739 
0.8 6.5133 6 3060 
0.85 6.4233 6.2435 
0.9 6.3395 6.1856 
0.95 6.2614 6.1317 




























Table 4. Continued 







































































































Table 5. Comparison of results obtained from our prescription (a ) for the 
approx. 







3 a approx 
26 
_ "approx 
42 a approx 




















































































































































































Table 5. Continued 
K 




































































































































































































Table 6. Coaparisons of EBF and ES and EBF/ES to EB/EC ratios for 
Z - 13. 











v l EB/EC 
.68 5 0.9 6.17 0.987 6.25 5.37 0.963 5.58 0.976 
0.8 6.43 0.996 6.45 5.54 0.971 5.70 0.975 
0.6 7.08 1.01 7.00 5.93 0.991 5.98 0.981 
0.5 7.51 1.02 7.36 6.12 0.999 6.13 0.979 
0.4 8.05 1.03 7.81 6.29 1.004 6.27 0.975 
0.2 9.84 1.05 9.36 6.43 0.989 6.50 0.942 
0.0 00 1 OO 6.28 0.974 6.63 0.974 
.23 50 0.9 4.03 0 967 4.17 3.98 0.961 4.14 0.994 
0.8 4.42 0.969 4.56 4.34 0.969 4.48 1.000 
0.6 5.40 0.973 5.55 5.22 0.963 5.42 0.990 
0.4 6.73 0.981 6.86 6.34 0.962 6 59 0.981 
0.2 3.93 H.984 9.08 7.94 0.958 8.29 0.974 
0.1 11.0 0.982 11.2 8.92 0.95? 9.37 0.970 
0.0 CO 1 CO 9.60 0.932 10.3 0.932 
.068 500 0.9 1.39 0.938 1.48 1.39 0 944 1.47 1.060 
0.75 2.20 0.941 2.34 2.19 0.943 2.33 1.002 
0.5 3.00 0.954 4.09 3.85 0.951 4.05 0.997 
0.0 CO 1 CO 10.9 0.916 11.9 0.916 
Table 7. Comparisons of EBF and ES and EBF/ES to EB/EC ratios for Z = 79. 
^ S C C o u D . 3 ^ f CNeutral) 
T l EB EC EBF ES EBF/ES 









0.8 6.52 1.04 6.24 4.73 1.43 3.31 1.38 
0.6 
0.4 
















0.0 CO 1 » 4.57 2.05 2.23 2.05 
50 0.99 
0.9 







0.8 5.51 0.813 6.78 5.07 0.876 5.79 1.08 
0.6 6.27 0.864 7.26 5.64 0.931 6.06 1.08 
0.4 7.37 0.927 7.95 6 32 0 995 6.35 1.07 









7.57 1.08 6.98 1.03 
0.0 CO 1 C? 7.66 1.06 7.18 1.06 
500 0.99 1.77 0.515 3.43 1.73 0.535 3.23 1.04 
0.9 2.10 0.548 3.83 2.05 0.565 3.62 1.03 
0.5 4.29 0.706 6.07 4.06 0.718 5.66 1.02 
0.0 « 1 00 9 67 0.843 11.47 0.843 
Table 8. EXACT numerical bremsstrahlung data for 
7 = 1 3 
K / T l • . f c - 0 . 1 r I. C . 2 C •• • ' . 3 ^ ' j C . A •.••"• 
T l 
l . r 3 . 6 4 6 3 . 7 7 3 3 . 3 7 3 3 . 9 A ; 3 . 9 a e 
2 . 5 5 . 2 3 4 5 . 3 3 3 5 . 4 3 9 5 . 4 2 7 5 . 3 J 3 
? • • • > 6 . 5 5 7 6 . 6 « 4 6 . 6 3 1 6 . A 8 7 6 . 3 9 
1C . f 7 . 7 7 7 7 . ^ ~ A 7 . 5 7 6 T . 2 3 A 6 . P ' I 5 
2 5 . ' ? 9 . 2 " 1 9 . 9 4 2 3 . 2 27 7 . 5 J 7 6 . 9 S ? 
5 0 . 0 l f . 3 - 3 9 . 4 6 l 8 . 3 4 8 7 . 4 1 8 6 . 6 5 4 
i r e . i XI . r 2 8 9 . : 7 ^ 8 . 1 3 ( 7 . - : •> 6 . 1 3 4 
2 f ' 0 . V . ' I l . S ' . ' A 9 . 3 7 . : 7 . 6 H 7 6 . 4 4 8 5 . 4 7 ° 
s^c.c 1 2 . ' ; 6 6 9 . ] 7 4 7 . 2 6 6 r . ? ? 6 A . 8 5 to 
7 = 2 6 
K / T l •:. coo C . I r •- • " . 2 C ' C . 3 ' 0 <.' . 4 i. <•• 
T l 
l . ' J ? . i a a 2 . ^ 5 2 . ^ 9 9 2 . 4 8 9 2 . 5 7 . - , 
2 . 5 3 . 5 6 7 3 . 7 - 5 3 . 7 9 7 3 . 3 5 4 3 . « 9 3 
5 . C A . 9 1 7 5 . . 7 2 5 . 1 ' P ^ . "> 9 : 5 . . 4 5 
1 t . ' . • 6 . 2 6 R 6 . 4 6 2 6 . A ? 7 6 . 3 1 3 6 . 1 ' t 9 
2 5 . ^ 7 . ^ =>4 7 . 9 5 6 7 . 6 i 6 7 . i t . 6 . 8 7 4 
5 C . I . 9 . 2 2 6 & . f) 1 7 n . r s? 5 7 . A2 7 6 . P. 7 F 
1 « 0 . C i l' . 2 5 3 9 # ^ q i P. . 1 6 3 7 . 2 5 2 6 . 5 1 9 
2 0 0 . 0 1 1 . 0 3 9 " . 3 6 5 7 . 9 • 2 6 . 7 3 5 5 . 9 .• r 
sro . r 1 1 . 6 7 6 • i . 2 6 •' 7 . A 9 4 6 . 1 ^ 6 5 . 1 7 A 
7= 42 
K / T l .-• . o c ! ' . ! < ' • - • ' . 2 ' . f <• . 3 • • - i ; - - . 4 - - -
T l 
1 . 0 i . 3 5 7 1 . 4 ' ? 1 . 5 5 2 1 . 6 4 T 1 . 7 4 2 
2 . 5 2 . 4 5 6 2 . 6 1 ' 3 2 . ^ 3 2 2 . 3 4 ' 2 . 9 3 5 
5 . . ' ? . 6 3 r 3 . > ? 6 A 3 . ^ a 3 A . ; ^ 9 A . 1 J 1 
1C.<- 5 . : f• 8 5 . _ 7 'J 5 . 14 -> 5 . 3 4 7 5 . 3 1 1 
2 5 . ' 6 . 9 A 1 7 . . . f ;. 6 . i ' " ! 6 . 6 ' 2 6 . 4 71 
5 1 - . •' n . 3 i ' ° . 2 " 7 7 . 721 7 . 2 W ( , . " 3 
1 0 C . 0 o . 7 1 6 ? . 4 2 o . 1 5 2 7 . 4 . 1 6 . 7 8 6 
2 f T . C 1 r . 7 5 '• 9 . <• 1. / . M . 1 "> '< 7 . 1 3 7 6 . 3 31 
5 1 1 ( 1 , 0 1 1 . 5 1 ' " 9 . 4 1 6 7 . 7 7 4 6 . 3 A 5 . ' . 6 -
rsl atoms. 
A . . . - 7 4 . • ; , 1 A , 9 :-> i . I ; • ? • . ; c 3 • ' » . 1 • ' . ' • , 
5 . 3 • 3 5 . t :'• 6 r . I ' M t . 1 3 " ; . . . . 7 •• 5 . 4 7 '. . 
(. . 1 • 7 5 . 9 •-< 7 c > '•' . 4 5 , f ^ 7 ' • . r A - u • *i - ' • 
6 . r .- 5 6 . 2 r 3 f , 3 r - ',, f - r ? 5 . 6 4 ~ 5 . :>.'..<• 
6 . 4 : ;• 6 . 'J :. I- . :' 5 '- :., 2 1 6 5 . . -'• 
6 . 1 J 1 5 . 4 > •• 4 • 9 7 5 4 . 5 -.- 3 A . 1 ' '/ A . L 5 
5 . 3.-' 9 4 . 7 4 2 /+ • -. 6 r' 3 , 6 4 4 3 . 1 6 9 r l . • - - • < • • : . 
4 . 6 M 3 . ? 7 ;•> 3 . ?5 5 . 7 1 ^ .". . 2 5 3 i . 9 • : c : . 
? . 9 -i P 3 . 2 ' - ' ^ t • 6 1 2 2 • i J 1 . A 7 4 1 . , if, 
1 .'•» 
• 6; . 7' . .T 
?.'-•> 2 . 7 ? 2 > n - •» -_ •f, ~ ^ 2 , 0 ^ l -, » *• ' • : 3 . 
3 . 9 . d J . 9 6 ! ' • . ' • 4 • • r + t. , ; ^ .-. A . 1 - '• •- . 
A . 9 ' 6 4 . 9 5 2 A . '- 2 2 4 , ^ f- 4 , ") j - • • '"• "' A . 
r . ' A 5 . 3 3 ! r » •- '. * c' ^ " .-., 4 - : r * ** ' • 
6 . 5 2 6 . 3 3 A 6 . 8 2 ;. , i j ' S , . 5 9 : ' J •* ' ' ' • 
; . A • o 6 . ' 3 3 * . 7 1 r. :•-, ., 3 -> ~j « : 2 " - ' • . "• ','• A . 
5 . 9 5 5 . 3 « 3 4 . «• 3 3 4 , 5 5- 4 , 2 ?. * <, p 5 . 1 •> 3 4 . 5 3 3 i . ' j g ' s , r 1 ^ • - • ^ • £. -
4 . 3 1 5 3 . 6 1 7 .'.'"= " 4 5 ' ^ • T ' t J 1 ' 7 :• • ^ 
p ^ r 1 . 9 1 4 1 . c q j. 
t 
. 17 2 . 1 3 3 » i r * 
2 2 3 . 1 A 3 . .' ^ • _"> , , ; ' , 3 . J ".- 5 .i J 7 ' . '• « . 
i ' ' ] A . l » 5 4 . 2 2 , 4 • *_ > ""* 4 . 3 '• •- A ( n , • ^ * i 
2 ' t 5 . 2 B 5 . 1 6 1 ;, , i " •• r. . _ . j ,s c ' • * - • • i- ( j 
2 7 5 6 . ' " 1 
c . i . J ! f . 7 ' J 5 . 6 2 1 l j 4 [ ' '.- '•* •> • • J 
A'> 7 6 . 2 t . = , . ' > . ; .J " 7 , ., ' • . ' . • > ' 'j » ' • * 27 3 f . o 3 7 5 . A 6 : !. . ! » 5 A . ^ f- • ' t , ? ; . 7 * 
6 . "• 5 . . " i l A . '- *3 7 /, , ; ' 4 1 . 7 : - " 1 . * . - j / * ,• " • 
7 '• n' 4 . - r , 7 3 . 4 4 P ' i ~ : . * ; ' *- 7 
Tahle 8. Continued 
1= 5* 
K/TJ " . C .• ^ \J • A ••' • 2 ' . • ^ . 3 - " • A 
T l 
1 . 0 ? .<>75 1 . -• 5 1 1 . 1 3 3 1 . 2 1 9 
2 . 5 1 . 9 0 1 2 . . 3 0 2 . 1 7 1 2 . 2 ?2 
5 . 0 3.1 4 5 3 . 2 3o 3 . 7 Z 7 3 . 5 6 
1 0 . V 4 . 4 : 7 4 . 6 2 S 4 . 7 3 6 4 . 7 * 9 
2 5 ,i 6 . 3 4 8 6 . 3 ' 4 6 • * ~ c f > . • ; • > • 
5 0 . r 7 . y 3 3 7 , ? 1 « 7 . 4 4: , 7 . -62 
1 ^ 0 . u 9 . 3 9 ' 8 . 865* 3 . 1 ' . ' '• 7 . 4 >̂> 
2C( . ! 3 <- . 5 92 9 . 4 - * J ? . 2 71 7 . V; 
5 0 0 . 0 1 1 . 4 ^ 2 9 . 1 3 5 7 . n 7 S 6 . 7 J 7 
i = 7 4 
K / T l 0 . r " " j - - 1 ,• ? . 2 . . " - 0 . 3--- '> 
T l 
i .e . < . 6 1 4 2 . 6 6 5 - . 7 2 3 - . 7 8 7 
2 . 5 1 . 3 2 5 1 . 4 3 7 1 . 5 5 2 I . 6 6 7 
?.f ' 2 . 3 3 6 2 - ? : r 2 . 6 7 7 2 . 3 2 2 
l t . " % 3 . 6 1 \ 3 . 6 2 9 3 . 9 7 3 4 . . 74 
2 5 . 1 ' 5 . 5 6 3 5 • 7f>i 5 . 7 6 3 ', . 7 1 
5 C . 0 7 . 2 2 6 7 . - 6 " ! 7 . •' 1 ,': 6 .7 .%8 
1 0 0 . <• P . Q 3 5 8 . 5 9- . 7 . 1 7 0 7 . 4 k 6 
20C . 0 1" . 3 5 5 9 . 4 3 1 3 . 4 1 3 7 . 6 7 
5 P 0 . i i 1 1 . 4 1 3 9 . 71 [\ 3 . 2 7 8 7 . 1 6 7 
2 = 32 
K / T l 0 . 0 0 - C . i •' 1 >• . 2 i ' ' . 3 ' • 
T l 
1 . 0 r . 5 3 « 1 . 5 •'! P c . o 3 < - •:. 6 " J 
2 . ? 1 . I 'J 6 1 . 2 ' 1 ' 1 . 4 ; . 1 1.5'- 9 
5 . r 2 . 1 4 3 2 . 3 : 4 2 . 4 7 1 2 . 6 1 2 
l r .*" 3 . 3 6 1 - • • 5 7 1 3 . 72 r ' 3 . ' < ? > & 
2 5 . •• 5 . '*• 4 5 . 5 - 9 5 . 5 2 " 5 . 4 fl 3 
5 t - f 6 . 9 " El 7 . . c,4 6 . P 5 9 6 . . 6 J 2 
i r c . c H.77-'; 3 • 4 •) 2 7 . 1 ? . 7 . 4 ' 5 
2 0 0 . ( 1 ' . 2 : - 4 9 . 4 ' M f' . 4 4 3 7 . 6 7 . 
5T-0.0 1J . 3 a 6 9 . 7 6 9 C . 3 5 7 7 . 3 5 
1 . 3 - 6 
2 . 4 9 
3 . 6 7 
4 . 8 1 2 
6 . i 3 » 
6 . 7 7 2 
6 . H •?•> 
6 . 6 : 
•• . * 3 o 
.: 4 
. 4 .« 
• 4 ' 
. 1 -
J . 4 »? 
2 . 6 3 P 
: . 7 6 3 
4 . 3 2 ' 
5 . 8 4 - . 
e l " -
6 . ' 3' . , 
5 . 4 . . tj 
4 . 3 7 6 
1 . 6 " 3 
2 . 7 4 y 
3 . <• 3 4 
4 . •> 2 5 
5 . 7 3 I 
K . 1 7 5 
r . -4 9 9 
4 . ' ' b ' i 
3 . 7 7 9 
2 . n .-• 6 
i . >' •• i 
r . 4 14 
, 7 2 1 . 7 -
V . I * • 
4 » 1 ': '» 
. . . 7 ••> _• 
- . 4 . . V 
•' . 8 5 f l 
I . 7 ? 6 
2 . 9 5 6 
4 . 1 5 1 
5 . 6 1 6 
6 . 4 ? ' 
6 . ° 6 1 
6 . T 4 2 
6 . 2 ^ l 
: > . c . o 
, 5 : A 
1 . ' 3 5 : . ' . ' » 6 1 t ~ ~ c ; 2 > 2 t.- •-. 1 . 2 • ' • • . • L . "> w- 4 
2 . t -45 . . . ? < 3 2 . C " " el . 3 3 4 2 . ^ 4 * 
c . '•:" '-3 . 1 9 6 2 . 2 9 0 . 1 , 3 T 0 3 . 4 _ - i 3 • * ' . ' • >. . 4 7 " 
4 . 2 7.' 4 . 3 2 7 4 •: .• 0 4 . 4 6 ,• 4 . 1 • 4 . ;• i 7 
5 . 4 v 9 5 . 4 1 : 'j . 4 ._ ' ' . ' • 1 .'• -.'-.-
6.T 73 c . > > . 3 " 4 7 " 7 . , 4 ~ . : y . •'.."'. ; , " i 6 . 237 = . " S 1 . ~i '• 4 r. . :• i "i • . _• '_ 
5 . 9 2 •" . -'. 7 "i < . : ' 3 ' • - »7 7 . 4 . ' i . - • • • • • • ' 
< . . f l 4 . " . ; r • 4 T » - 7 2 '.. ; - • . • -
. 4 - . 6 . 
" . 7 6." ' . . • • . - " » C . 9 1 6 1 . .' 1 ! 1 1 m 
1 . 6 2 2 1 . 7 r, r- 1 . 3 6 5 ! . c - '= 2 .'. • 
2 . 7 4 6 2 . » 7 7 2 . 9 '> 1 ^ . l*' : .5 a 3 . 
3 . 9 2 5 4 . '. • r 4 . •: 7 .- 4 . : 3 c /. ..:.-• 4 . 
5 . * 2 4 5 . 3 : 9 5 . 3 1 ' 5 . ' « 5 r • * • * 
6 . 3 ° . . 6 . 3 ^ 9 6 . " . « '. . K , « 1 , ? .̂ ' . 
6 . 9 7 1 6 . 6 4 6 . 2 ' ' 4 / . 2 " . •• 
7 . - 3 3 6 . A 1 1 6 . • - 2 •" . ' - 4 4 1 1 ^ r - -> • • < . 
fc.4 32 5 . 7 - 7 i . , - - . r t . '• 4 c r. • * 3 . '1 .1 
Table 8. Continued 
Z= 92 
K / l 1 . * \ m -1 ' ' •••. z > ' ' '. '. ?' . • . 4 •. •" „ . f i • . b • ., 
T l • . ' • ' • 
1 . 0 >" . 4 6 2 -. . r, -, 7 - i . ? f ' . 6 1 5 ' . 6 ""(b . 7 7 <• . H 2 p ? t , q L V , 
2 . 5 1 . . ' 5 iS 2 # t f. -> 2 . .?• : • 6 : . 3 5 9 1 . 4 A 4 3 • ? 7 f I . 6 7 6 : , ; - . • ) 2 5 . f 
I f . C 
2 5 . ' 
1 . <? 5 1 
3 . •' R 3 
* . < " 7 
3 . .."3 7 
2 . 2 ? 7 
3 . I f 
r . 2 6 2 
2 • 3 c ? 
J- . ? 6 3 
• 5 . 2 4 : 7 
2 . 5 1 6 
i . 6 <• 3 J> . 7 L ? 
2 . 7 r- r-
j . y :• 7 
' j . 1 j « r 
-'• ^ 7 7 
. '- v 7 4 
5 0 . ' 
1 0 0 . 0 
6 . 7 4 ' 
H . F 3 4 
6. • p J t 
e . 3 ' . i 
6 . 6 7 . = . 
7 . a , 4 c 
/ . 4 6 1 
7 . 3 7 4 
'> • <- r 6 
6 . c ) 7 6 6 . 6 = . 
I" . 3 2 '~ 
6 » _• r ^ 
c * c. 7 1 \ -': 
2 f . p . C 
5 0 0 . 0 
i r . 1 2 - ' 
1 1 . 3 6 * ; 
s . 3 r i 
° . ;: 3 3 
P . A S . : 
S . 4 .1 I 
7 . 7 ; : 
7 . 4 7 ; 
7 . J 1 4 
6 . 6 2 5 r . ? ' 4 
6 . i •• / 
1 - • * • 4 , 
il ' 7 
/* 
Table 9. Approximated bremastrablung data for neutral at.ms obtained from Eq. (7). 
i= 13 
K / T I ' . c o " ' . - . i C " f . ?-:•' u . 2 : ^ :.'••:•• : : . r < . •' .t, • •• . . 7 - . ' ? - .".• . . - -
l . r - 2 . 3 7 9 ? . « 1 7 2 . V . ' 4 2 . 3 3 1 2 . 6 6 6 J . ' 6 ( ! 2 . ^ 6 1 . - . J 6 4 3 . «• - ^ . * ' - * . . ' 1 7 
2 . 5 3 . 6 3 6 3 . 7 ? \ J . 1 ^ 4 . ' 2 5 4 . 1 7^ 4 . 3 5 4 . 4 2 2 4 . ' ; 1 7 4 . : - - * 4 . 6 j " • . . - . : ' . ' . 
•5 .1 . 4 . 6 ? ' 4 . * " " 5 4 . - 7 7 5 5 . 1 3 7 5 . 2 6 7 5 . 3 : 2 5 , J ° J * . 3"? * * . ? 7 " !<. J 7 '• "i . i '• .' 
l O . ' o ? . 6 o ; ? . ? 6 n f > . " 3 3 ' - . n . 6 . 1 3 7 '.>. ? 2 f . ^ 0 3 c . " 3 4 3 . 7 -: : - . i 7 - _ • " . • • ^ I ' -
Z B . V 7 . L ?>5 7 . 2 4 5 7 . Zt. 2 7 . " 7 4 6 . 7 7 ' 6 . 4 j o 6 . ° 2 r . 7 7 8 3 . 4 0 L - 5 . 7 6 7 ; , i ? . i 
5 0 . ! ' ft.ir-4 F . ^ J 7 . 1 7 r ( 7 . 4 6 0 6 , 9 1 6 S . ?•'.". 5 . <? 6 b . ' . n i •> . ' *•;• 4 . " , i ' - 4 . >-••-
I O C ' . ; 1 c . 2 2 1 ^ . 3 . 5 3 S . 4 7 7 , ( , i < i b . S 2 ' , , ; « : 5 . 6 4 6 = . • o o 4 . f . r ? 4 , ' ^ v < . •, 
2 0 0 . ' 3 1 " . 2 9 3 9 . 9 1 7 S . 7 5 t - 7 . - > « i 6 . 5 2 2 . ' . • ' " > : 5 . V ) 7 ' , . 7 7 7 . 4 . 1 f, 3 3 . P - I 3 . " ' ' 
5 O 0 . r > J 1 . 7 T - 4 i r . . A ! 4 R . ' > i 3 7 . 6 7 7 6 . 6 ^ F 5 , « r j 5 . 1 1 4 4 . 4 V ; 3 . 7 4 * 2 . ' ; > ' 3 3 . 5 * 4 
Z= 2 6 
K/Ti r . < ' . ' JI•" i . l ' : ' r.2i< j . . 1 . ' ^ i> . 4 3 " • . b> •' : . 6 ' - . . 7 ' 1 . <• • " • . ' J -
T l 
l . r 1 . 7 S 3 I , : I A : . > 5 5 4 i . ^ ? 1 . 9 4 5 7 . 7 - 5 2 . 3 7 - - 7 . 1 4 . 1 ; . ? n ?..?.<*-> ?.**• 
Z.* P . 9 5 4 3 . ' 3 ° 3 . 1 3 6 3 . 2 4 5 3 . 3 6 3 3 . 4 :•" & 3 . (> 7 ? . 7 J ^ 3 . - 3 ' - 3 . 7 3 * .( . ' - v -
5 . i 3 . , ' ? 6 4 . 6 9 4 . 2 1 F 4 . 3 7 5 4 . 5 i ' 7 4 . 6 -•'. 4 . 7 6 5 4 . >> 3 ~ 4 . u '-4 * . ^ j 4 . " . 
1 0 . i , 4 . 9 * 1 5 , 1 4 2 5 . 3 3 5 5 » r " < i 5 . 6 3o 3 . 6'• ? r, . 7 ' 7 <• . ' 7-• 1 . 6 3 " r. . 5 r <• =• . = L'-
2 5 . f 6 . 3 4 H 6 . 5 7 1 6 . 7 4 9 6 . 7 9 6 6 . 7 2 6 6 . c - . * 6 . 4 '. rs ' . . : 3 ? - ' • . ' . ' . ? 3 . J ' :> . =• J 
5 0 . V 7 . 4 ' « 7 . 6 2 1 7 . 6 " V 7 . 4 4 0 7 . 1 4 5 ' > . P.. 1 6 . 5 1 5 f - . T : ^ ! . % " 3 ' 5 r - . 7 .̂ - -, . V 
1 0 0 . 2 y . 4 74 3 . 6 C 7 S . J 17 7 . 7 ' - l 7 . ^ 5 4 6 . 7 o 7 6 . 3 36 f . ' 1 6 ' :> . 6 3 -; : . 3 7 ' l : - . - . 7H 
? r r . . c 9 . 5 4 3 " . 4 3 1 y . 7 3 1 7 . o r 3 7 . i s ? 2 6 . r > ( > * t . ' z i r . ^ r ' i ' ^ . ; > 7 4 . 7 6 ' . « . ' . ; 
5 0 < " . C l»- ,«? c:?. 1 " . 3 5 7 8.<?'?•' 7 . 8 7 2 6 . 9 ^ 2 6 . 2 ? 5 i . 6 9 f . _ t <J <». ̂  M "«. " V •' : . ' - " 
Z = 4 2 
i . b -\ 3 : . '• r ^ 
3 . 3 - 4 3 . 1 j •» 
4 . 2 ^ 1 * . 3.; •• 
&.r -1 E . : . K 
>̂ . II 'A h '• • -. 6 4 
6 . 6 6 6 6 . 4 '. 1 
6 . 7 3 ' ' . 4 4 : 
' . . f > 3 7 6 . : 7 J 
5 O U . 0 i r . 4 3 7 l'". . 1 4 . •}.-:• M ' . ' . • • 6 6 7 . ^ H ? 6 . 6 ' . ' . 6 . . f > r- . «, • 7 
K / T l T r ; ; . * . i r L <:. 2 o r. 1 . 33 3 • r. . /, r: r. 
T l • 
l . ( 1 . 4 3 1 1 . 4 3 l ? . 4 S 3 1 . 4 7 3 i . r>" 9 1 . 5 4 . 1 
2 . 5 ? . 5 ( 3 2 . r ' 6 7 . t . r j 4 : i . 7 C 4 2 . ^ 1 7 J . ' ; 0 
5 . 0 3 . 4 ; . 3 3 . :• 6 2 3 . 6 " 6 3 . ^ r . 2 3 , 963. 4 . ' •: n 
1 P . C 4 . 4 63 4 . 6 , 3 1 4 . 7 9 5 - 4 . 9 ^ . 8 b . l i 7 r- . 2 : 6 
2 * . i. f> . P 37 6 . . o 1 6 . 2 7 2 C. 4- 2 fa . 4 3> 1 '. . 3 •-. 3 
5 0 . ! : 6 . ' 3 ? 4 7 . 1 H 7 7 . 2 9 3 7 . 3 6 3 7 . 1 . 2 6 . 3>- : 
lO t .!• 7.«»«-7 Fl . i f 1 f> . 1 2 6 7 . ^ 1 1 7 . 4 2 P 7 . - s ; 
? o r . i Q . ' ^ 4 ^ . 1 3 7 8 . 6 " , 3 fl. • : r . i 7 . 4 6P f>.i 0 5 
i . 7 " '. . 7 K'. i. • 7 ! 
3 . 3 j -" 1 . • 1 7 * . 4 
4 . 4<. ' . . 4 . • • . ! ( <• . r 
?• . 7 " -J . 2 •'. * ^ , 3 • 
' . - ' - - • > . " "  ; : . . 7 
6 . - ' - 4 . . <;i 7 1 . -i 
c; 0 -7 ": •J . * " ' • - . 7 
'' * *> ! -! 3 . c- 1. '• , *, 
Table 9. Continued 
1 - 7 * 
K / T ] .'..•: . . J ' I .?.: • . 3 > - . 4 ' . b / 
T l 
l . v . I . ' 2 6 1 . . . 3 3 : . : t 2 l . - > b 2 l . ' " o 4 1 . i" 9 
2 . 5 2 . 1 . 2 2 . 4 4 2 . ' r- 2 2 . 1 4 7 2 . 2 1 1 ,2 . 3 ! 2 
«! . . 2 . 3 . 1 - . 9 3 3 3 . 7 7 3 . 1 !•• 3 3 . 2 0 3 3 . 4 1 9 
l i . . - : - 3 . ^ 7 ' J 4 . . .-1 4 . ! 5 fj 4 . 3 3 1 < « . 4 o 3 4 . : - 7 
2 5 . 1 3 . 2 3 7 b . ~ 3 t 3 . c *. i 5 . q .1. .' 3 . 9 1 2 i ; . *J -. 6 
b * : . . c . i i J . 3 o . S i r , r > . 7 4 2 6 . 9 ^ 3 6 . 7 3 3 6 . 6.-. 3 
l i ' O . i 7 . 3 4 1 - 7.t. ,'..-• - . 7 2 . - . 7 . 6 1 . 7 . 3 7 3 7 . ; . 6 
2." i r . . i . ' - . 4 1 ' * . . o n ! r . . b - 2 : ' • ' ¥ 4 7 . 6 ^ 4 7 . 2 7 3 
5 / - ' . . . 9 . c i i : > 9 . - . 2 6 9 . 77 b . 3 2 7 . 6 6 J 7 . , 3 6 
I = •• 2 
K / T ! 
T l 
• • • w . : •' . . » ~ v. ' . . 3 . • . 4 t . • J >. 
2 . b 
. 9 6 3 
1 . V 1 5 
•' . •.• & 9 . 9 7 . -
, . " '•> -s 
. 9 b 3 
3 . i J 
; . 9 < ^ 
2 . 1 o 
: . 5 
3 . 1 7 2 
5 . 
1 « . 
2 5 . • 
3 l 7 7 i 
5 . 1 29 
3 . ' 1 » • 
b . 3 2 2 
J l » ~* L- V 
4 • t 4 1 
£ . . 5 2 4 
3 . -. 7 , 
4 . J . 9 2 
J . 1 S .• 
i . - W 2 
b . 6 . 6 
3 . 2 6 
•. . 4 7 7 
b . 3 - 5 
5 v> . . 
ice. 
2 r i . i 
5f 'C . . . 
< r . i 7 9 
7 . 2 3 '3 
'i . 3 ' . 3 
9 . 7 1 5 
6 . 4 2 2 
7 . r 1 7 
b . b o b 
9 . r •: ^ 
6 . .-. J 2 
7 . 6 ^ 2 
e . ^ 4 7 
; . " 7 3 
o . 7 . : 7 
7 . b 4 7 
>•• . 7 7 
. ' . ...... 
6 . 7 . . 6 
7 . 3 3 J 
7 . 6 4 9 
7 . 7 1 2 
6 . 6 3 
7 . (. ,-< 1 
7 . 2 - 3 
7 . 2 : 3 
z = 9 
K / T l 
T i 
• • "-• v - ^ • - J • c_ .' . . _> V ^ • 4 . . 
• • - ' - ' 
1 . - • .n'T.~ ." . ; ;<•» 9 ' . '.' . 4 '. . ,J - . : . ° i 7 . 9 6 
? . r 1 . 2 2 ' . ' : . • ! ? • » ; . - * • • > 4 : . ? 4 . 1 . - 3 '>2 2 . '1 
?•« ' 2 . c > 4 2 . 7 o 7 - . H r° 2 . 9 - V 4 3 . . . 4 9 3 . 1 <•••<.-
1 C . • 3 . f > b 0 
. - > . " -'.:• -J 
3 . 7 7 c 3 . c ; : 3 <* . •'. b v 
; . b o -J 
1 . 2 . 6 
5 . £ .' -• 
- . . 3 ' . 3 
b«J • i- 6 . ' 5 6 o . ..' 9 t 6 . r ' ' . 6 . 6 1 7 f > . 6 : -J 4 r.̂  . f-
i <• r . i 7 . 1 1 5 7 . , < ; . • 7 . b 3 6 7 . 4 7 7 . ^ 7 ^ 7 . - 4 
2 ! > G . . . ••! . 5 * c' '*' * " I -• _' ; 3 . j 7 „ -' . * 4 o 7 . 6 . 2 7 . 3 1 
b.-o.r • i . 5 9 1 9 . 6 3 • -J . • f> j H . . O ? 7 . 7 7 3 7 . 2 >. 8 
. . 5 • . b b .. . 'i b b 
1 . . it, 1 . 1 1 7 V . 1 4 . < i . 1 6 i i 1 . 1 3 i 1 . 1 r> <j 
2 . 3 b ' 2 . 4 4 b 2 . b 3 4 2 . 6 2 b 2 . 6 7 1 2 . 7 i 6 
3 . b 3 5 3 . . ' , 6 ^ 3 . 7 v b> 3 . 3 b 1 3 . . i J . . i . i 2 <• 
4 . 7 , 5 4 , 7 s 3 4 . !>.-, 3 4 . 3 b 9 4 . = o j 4 . 8 6 2 
b . 9 2 6 b . 0 6 8 b . 7 d 7 5 . 6 9 3 b • 6 4 t b . b b 4 
6 . b i 6 6 . 3 b 1 6 . : 3 s 6 . ^ 2 4 b . '5 4 I i . b V 3 
c » b i 5 6 . 6 •..- 3 6 . 3 f 1 6 . 1 7 4 6 . b ' . 'J . b b r 
6 . J 3 3 6 . 6 3 b ft . 3 6 b 6 . 1 6 3 6 . . ~ 2 b . 5 £. i i 
6 . 7 . 2 6 . "»«.-. o . 4 b . 7 < ; i 5 . t . 5 b 5 . 6 . 3 
. . b b i 
i . i 1 9 1 . 3 6 1 . " b.b 1 . . ' 7 9 1 . • 3 2 . 1 . 1 : 5 
^ . 2 4 5 2 . 3 2 4 2 . 4 9 2 . 4 9 7 2 . 5 4 1 2 - s f a f 
J . 4 1 4 3 . '. 2 9 j . 6 3 b 3 . 7 3 1 3 . 7 7 3 3 . ;? 1 2 
4 . 5 ?. 4 . 6 7 6 4 . 7 3 & 4 . 7 6 9 4 . 7 7 j 4 . 7 H 3 
3 . 6 4 6 5 . f > ' - 2 5 . 7 3 2 b . 6 4 7 ^ . o • : b . b 6 4 
6 . 4 6 9 6 . 3 1 4 6 . 1 i s 6 . 2 '••• .• t> . i 2 b - ; . b b 3 
6 . 8 3 '. 6 . b b 4 o . 3 7 b t . 1 7 8 6 . . 3 !> b . - « r 
6 . 9 6 2 6 . 6 7 b 6 . 4 2 4 t . 2 3 o . i : i t • • • • 7 
6 . 7 > 6 6 . 4 4 3 o . i ' j 2 f> . 9 2 .1 1> * o ~' 3 . 7 j 3 
; . 6 •- w . . . 7 L ' . . . 3 . - . ' . . 9 - . " ." • ? t"- -
-. . 9 3 7 1 . 9 b. . • . 9 6 6 . 9 o 4 . 9 b ' . 1 
2 . 1 2 5 2 . 1 9 2 2 . 2 7 1 2 . 3 b ^ 2 . - '* .-. ?. 
3 . 2 7 4 3 . 3 8 7 3 . 4 9 4 3 . 5 9 : . 3 . b 3 7 1 
4 . 4 . o . 4 . b 5 3 4 . 6 2 1 * . . 6 6 b 4 . 6 / 9 4 
b . 7 - 7 5 . 7 2 S b . 6 i L, f. . b 3 ! S • :• i ' c 
6 . ' . J . 2 6 . 2 6 8 6 . 1 1 S •j . 9 6 9 b . -. T 7 b 
6 . a . b 6 . r - 7 6 o . 3 6 4 6 . J t 9 (,. ra :, 
6 . 9 .•: 1 6 . 6 9 9 6 . 4 f 1 6 • 2 3 1 6 . 1 3 - 6 
6 . 8 b 7 6 . ? b 2 6 . 2 7 ^ 6 . k a 9 b . b . ' o 1 " 
Tahle 9 . Continued 
L= 5 4 
K / T l r-.o^c 0 . ! '' C f . 2 0 ' ' " . 3'- •; 
T l 
l . i . 1 . 2 3? i . : ^ 1 . 2 61 1 . 2 7 o 
2 . 5 2 . 2 7 6 2 . 3 3 . 2 . 3 9 1 >*.4e>2 
5 • •"> 3 . 2 - 5 3 . 3:' 2 3 . 4 1 3 3 . 5 3 5 
1 0 . «' 4 . 2 . 1 A . 3 4 ? 4 . 5 1 : 4 . 6 7 7 
2 5 . ' . 5 . 5 7 ' 5 . 7 3 :» 5 . 9 1 6 t . 1 4 ? 
5 0 . " 6 . 6<: 5 6 . a « 1 7 . ' 6 s 7 . . 9 1 
1 0 C • • 7 . 6P.7 7 . 9 V ? 7 . 9 7to 7 . 7 5 f 
? 0 0 . r K . 7 5 3 8 . 9 3 7 fi . 6 T. 5 -j. . ; ? i 
sr-c.o l .
r . 1 & 6 11. . I ' . •3 . ' "6 3 r . i ? ^ , 
• - . 4 ; •: \ • ? •. . 6 " . '• . • ' . f- -
1 . 3 : 1 1 . 3 . 6 1 .3. r-.5 ' • 3 y « i , 4 ~ ( . 
2 . 5 4 2 ? . c ^ 2 . 7 2b 2 . " i". 4 2 . -3 2 <-
3 . 6 & 6 ? . 7 ' 7 3 . S 2 2 4 . 3 3 4 . 3 2 -
4 . 8 3 •" 4 . 4 - 3 5 • - 4 J 5 . "" 3 5 . J j . 4 
6 . 2 1 ^ ^ . 2 r t << . i 4 3 '. . 4 ^ : . c "* -
6 . 9 o c > r-,*: ? 6 . 6 . 1 1 »• . 4 ? 7 6 . 2 : 
7 . 4 . 3 7 . 1 , •; 6 . 9 3 " f . K 6 '_• o. 3 32 
7 . 5 . ' 6 " * . ! < • 6 . 7 y 1 !• . •' 3 4 >̂ • I o 2 
7 . 4 ^ 7 ' • • a • 7 6 . 3 7 - 5 . " 4 7 :> . o b ' 
I 
Si 
Table 1Q. Ratio of approximated to exact numerical bremsstrahlung data {from Table 8- and Table 9 ) . 
1= 1 ? 
K / T l • „ r . • -. • i : • . <" . 21 • 1' . 4 \ • • • 
T I 
1 . ? ' . 6 r s •" . 6 * 6 r . 6 4 7 - . 6 5 5 r . 6 A <) 
2 . 5 • .t-'ib • • . 6 9 6 I . 7 1 A ( . T * 2 f . 7 7 ? 
5 . 0 v . 7 2 9 '. • 7 1 ? c . 7 r •' •'. . 7 9 2 •" . tt 3 C 
1 0 . V % 7 3 2 : . ? ' ! r . 7 - ^6 f. . ' 3 * 7 1 . 8 9 1 
2 5 . t T . 7 6 3 "... • r ^ • i , ? i ; . •••! 3 9 - . 0 7 A 
5 0 - 0 l" . 7 9 1 - • ' ' 7 ; ' . ? r 6 1 . •; i 7 1 • ^ ~* ° 
1 0 0 . ) J . >? 3 «i i ' . ' ) 5 6 1 . . ' 4 2 1 • :. n J 1 . 1 2 5 
2 OT; . ( i , « 9 4 i . . s •:• 1 . 1 . V 2 . 1 ^ 4 1 . 2 4 ? 
« C r>. :• • • ' . o 7 < - - 1 . 1 ? 7 1 . 2 2 ; 1 . 2 ; i 1 . 3 7 9 
3 .' 
. : 3 
i .A" 
C 7 4 f • T £ 3 • . 7 4 .* , t f A. ; 7 7 1 
• . H 4 1 ' ' 7 ' . ^ ^ 4 , " i : *" j 1 B 
' „ . 9 • r> • . ^ > " 2 9 ^ . '•". '» f • , < . " 3 6 «, t f 
- . 9 ^ 0 .' . ' 1 6 6 • i 7 " 1 •"' : - 7 r ; S' I 
j . •_• * ^ . • 2 ! 1 • " 4 ? 1 • 4 r ' . 
1 . v c 2 1 • ' ? 3 i . I 1 2 1 . 1 3 1 1 . 1 4 - i . 
i . i 9 r j . - 2 3 1 - 2 •: « 1 i t - * * - ' " ' i : 1 i 
1 . 3 r •' i . , 4 2 2 " » 4 9 2. • r 7 - 1 . ' - - ' / 
1 . : > ' • ' >• 1 . 7 : 6 » C 1 > • ? 7 , ' ? 7 
1= 2 6 
K / T l 
7 ] 
c.<?•»•: c . : c v •J . 20 ' - L . 3-.-!-. r ' . 4 C : r ^ A : . 6 : • • » ' • . 
1 . ( •:.- . H I D f . 7 1 : 1 . " 7 3 1 . 7 6 ; ; . 7 n 7 ".« . 7 ; . ""'..4 . 7 ;. 7 
2 . 5 p . 8 . ; s • • . ' . ' 2 •: ' " . 3 26 : : . ? - t 2 C o 6 3 ( , . 2 ' 7 «..'•» 1 1 . ' • 3 1 , m 
? . 2 r . HI.T. - • ' . - . 1 ^ " . 9 2 6 C .3 -5 ' . 8 9 7 . " . • 3 1 . 9 / 1 2 . , ';! .< • . "-•-.'. , 
l C . f ' • • 7 9 1 ' . 7 ^ 6 f , p ; ' . ' • . " 7 2 " . ' • ' 1 6 > n ">2 •. . ' ) 7 •> I J I , , . , • • •• ", 
2 5 . v . . 7 P 5 .• . P i t . f . 3 37 ! . ' = 4 1 C . 9 7 G X . C 1 1 . J 1J ^ 1 f > t • • * * I' 5 0 . 0 ' ' . 8<" 3 t- . 1 ) 6 4 ' . 9 - 4 6 1 . :• •- 3 l . ' . I O 1 • • ' j ** ! . . « ' . 1 . • 9 2 T * ' 4 t 
i r r . -r- "> . fl 2 6 '. .« ;<- * •* * O 1 . " 74 l . I i 3 I , 14 6 1 . 1 7 7 C ' H 1 « ..' J ° per . •; * , P 6 4 1 -^ 1 2 : . : - r 1 . 1 6 5 1 . 2 1 7 1 .r '2 1 . 3 3 ' 1 . ? y 3 . i* ' • - ' . \ . 
5 > ' 0 . 0 ' • . 9 3 8 1 . 1 1 f: 1 . ! ' " 3 1 . 2 7 1 1 . 3 2 1 1 . 4 - . 3 1 .Si*U . . 6 7 9 • . -' ' 4 
 7 
7 2 
1 . i 4 4 
1 ', 
7 = 42 
K / T l ' * . < • ' , • : < : . i r :• ' . *- '•' ' . 3 -• ' : ? . « ' . ' • . * " '. . / > : • ' • • 7 " -- . • > ^ s 
T3 * 
i . 0 t . r 4 . ' •_ • ° R ' . r ' 3 6 • . « • - 7 ' . R ' J 6 . P • . 3 c . s 2 7 " . U '.• . f . ' - • "• * 4 . - 1 .-. 
2 . ? 1 . 1 ? r . 9 f! <. < . " 6 6 ' . r 1 r 9 • ' , Q 6 " ' • • > >A ' . 9 7 4 • . 0 ° « . c *~~ r > 
5 . r ' . 9 3 o t , " 2 ^ ' . " 2 ? '. . c >«.2 [ . , ; L 4 9 : T 1 . - . •<•"• i . 2 r , ^ r : . :•• 7 . • . 
ir.i. • • . * T 2 .. . ^ 7 f. " , R ^ 7 v . 9 ; : ^ ' . c ^ 3 . '*' 1 . " 1 6 1 . ? - . ~~ • 3 ^ < # 
2 5 . f . r . ' ; 4 1 . 0 0 • • ' . = 1^ " . 9 r a . , " < ! 4 1 . 7 1 . • 3 2 1 . 4 1 j 1 * " ' ' ^ '- . " 4 '"' 
5 0 . < " . H«. J ' . • ' 7 ^ 1 . 9 4 r 1 . : 2 1 . J ° 1 . ' 1 . : 7 4 1 . . ' i _» 1 - •-. > » t . 1 1 
1 0 0 . •: . f X 9 .'="(• • . 9 - 3 7 1 . ? •; l . r - .q \ . i c 1 . 1 j 3 1 . 1 7 1 \ i • 2 ' " 
2 P C . 1 . 
5 r r . . ' 
: . d 3 9 
1 . 9 •"• 7 1 7 7 
1 . " ' < > 7 
1 . 1 6 2 
1 . 1 2 3 
1 . 2 3 3 
l . l ° t 
1 . 3 1 - ' \ . *.. ^ 
1 . ^ - 4 
1 . s . 1 
: . 3 4 _ 
; . ' 2 ' . 1 . 7 • ' : 
1 . 4 1- ' 
• L 4 • 
Table 10. Continued 
Z= 5 4 
K / T 1 r . r , - r t . ' r , <• . 2 ; r : . 3 - • • : f . 4 •' 
T l 
1 . 0 1 . 2 6 4 l . n r . l . l : : . 1 . ; r •. t . 9 < > 
2 . 5 1 . 1 ) 7 1 . H 3 I . K : 1 . . . - 4 1 • ' r • ? 
r " 1 . ' ^ 3 1 . 2 . 1 . " \ H i . ; - 1 1 . < 11> 
1 0 . 0 r . 9 5 3 • . . r : i * c . - J * 2 •. - ? 7 7 1 . t . ••: 4 
2 S . L ' . 6 7 7 " . 2. P <•> ' . 1 3 3 • . 0 7 s 1 . f ; 2 
b O . c . H 4 ' , . rt -I . ' . ^ 4 9 3 . , " 4 1 . " 3 2 
1 0 0 . f. •' . S 1 « : . .' - 6 . r. . 9 ' J 4 1 . . 4 2 i . •: . '" 
zoo.;:. '• . S 2 f> :" . ° 4 -S 1 . < 4 3 3 . 1 • 2 1 . J 4 0 
? r f ' . • _ '• . a 1 5 1 . - . 5 - 1 • 1 3 6 i . : - 5 1 . 2 7 7 
Z = 7 4 
K / T l ? . C U ". 0 . 1 ' r- •' . 2 t • : . v- :• r . 4 •'. .* 
T J 
1 .r. i . 6 7 : 1 . J 5 A a . 4 4 1 1 . 3 " ? • : 4 • 
2 . 5 1 . 5 1 1 1 . " 2 2 1 . 3 4 < ( 1 . r f e 1 . ; ^ H 
s , c I . 2 4 2 i . : .i 6 1 . 1 4 - 1 - 1 . 1.1 •'. i . J i * 
I t . C 1 . ' 7 5 I . . 4 7 1 .< 4 6 3 . "»-S 1 . ' 7 5 
2 * 5 . • • . 9 4 1 . . " 4 4 1 . 0 7 1 1 3 . T '* 1 . 5 3 
5 C . f ' ") . t * 7 < - L . * " • . ' •• . " *>1 I . • • : "i 1 . ' " 4 7 
i r r . t r . » 2 2 c . » P f 1 . n f, 0 1 . . T 5 1 . 1 r 9 
z c f . ' . i ' ' . P J. 3 • r . 9 i ft 1 . ' J. . ; . • ' J 4 1 . 1 4 
5 0 0 . 0 ' . rt 5 3 H I 2 l . ' " ? 7 1 . 1 f >J 1 . 2 . V 
1= fl2 
K / f 1 " ••"•JC • j . : f • ' • f . 2 1 . " c . y •• " • . 4 T 
T l 
1 . 0 i . f > - : 3 1 . ( , 6 4 1 . S 3 * : . . 4: r, 1 . 3 . 7 
2 . 5 1 . 6 1 5 1 . : - 3 4 1 . 4 2 7 : .«?!= 7 1 . : . 9 ? 
5 . ' ' ' J • 3 j ? 1 . ,. 4 5 1,Z> 2 1 . 1 7 5 I . 1 5 .» 
1 0 . < : 1 . 1 2 3 I . - S 1 1 . " ^ 1 . . •?"* 1 . 3 . <> 
2 5 . C '. . 9 6 7 1. . ° 6 c '. . " } a o l . ~ 3 ! 1 . C 7 1 
5 0 . ' • I ' . f i f l 1 I . «»•"• 1 • ' . 9 6 7 1 . ' • ) 7 1 . '• r> 1 
1 p< C . < 2 • A "! 5 . ? S 6 1 . i f , 1 ; i . . n 1 . ' ^ 2 
? 0 0 . 0 f - 3 1 : : V . "> 1 1 1 . ' . ' ' . 2 1 . : 5 3 1 . i ••>:. 
5 0 0 . f ' . H 5 3 ." . 9 •> 9 1 . •• 6 6 1 . 3 4 ! 1 . 2 i '• 
>" . 6 ' •. . 7 : •• 
.- . a «, <\ .- . o 4 
J . • • 4 2 1 . • 3 3 
1 . . . . O 1 . ^ 4 1 
1 . • .'. r 1 . . '• '.• 
\ • •" 7 : 
! . : • ' . 2 
1 . • 
1 . 1 1 
i . 3 • ? 3 . 4 
4 ?• 
. "ft iS , -: / . 1 . ' ' r " 
1 . 2 S i . ' i l ; . 4 - I 
r "> 1 . ', ! . . ', 7 J 
•• . c . 6 - . •
 f 7 *. . 
, ; 1 1 
I . 5 5 I . :>2 
I . 7 7 t . • • 3 
1 . 1 r.: . . . 1 7 
i . 2 Q 5 1 . 3 ; 3 
1 . -- 7 - : . . 7 1 -
1 . « ; ' 
1 • • 
1 . 1 . 
1 . 2 -
1 . 1 T 4 
J .!• 7 
1 . 7 ' 
< . • • » • ; 
1 . : r < 
1 . 3 7 •  
. " : 7 4 
3 . 2 1 2 
, 3 3 ' 
1 . t - c > 
1 , ; i 7 
1 . ; ;• 1 
j . ! 7 ' - 71 ' 
1 . i .-' 7 
I . J 
1 . . 4 ; 
I . r ." 
1 
1 . :• 1 . 
1 . ••• ' 
1 --• i 
1 . 2 * 1 . 1 3 2 ', • 2 (• 
S. . .-.' '• *> l . i - 4 ; , : t . 7 
1 . 3 - 7 l . l ^ ' * _ 1 ^ '̂  
1 . ! ' ° 1 . 3 2 5 1 . 1 3 . 
: . ! • • ' 3 1 . 1 1 1 . . ° '•' 
1 . <-9 1 . ' 7 7 ' . . 7 f. 
*r , T O 1 f t ' '"' - ' 1 . '14 
i . 1 2 2 3 . 1 5 2 ; , j » 3 
1 . 2 - 4 1 . 3 3 5 1 . 4 1 P. 
1 . : 
• 1 3 
C-J, ! 
1 U ' 
1 1 • 
1 . ; 4 i 
i . 1 . 1 
1 . 
i . ' 
1 . 7 . 
Table 10. Continued 
K . / T 1 . .C i ." 1 '"' . 1 ' I ". . 2 r ' " ; . 3 - ." (. . 4 1 i f . r '" ' . f t ' . 7 ' • • " . . <J- • . - ^ 
T I 
1 . 0 1 . 9 3 0 1 . 7 7 4 1 . 6 1 7 1 . 4 7 ? 1 . 3 i" 7 i . ; > r - 6 1 . 1 c-1 1 . ' ? 3 I . •. 3 2 . ° ?• ° '. . i 7 4 
2 . 5 1 . 7 2 3 l . h ' R 1 . 5 0 8 1 . 4 2 7 1 . 3 6 1 1 . 3 7 1 . 2 6 4 1 . 2 3 1 3 . 2 6 L U " 1 1 . 1 ^ 4 
* . f 1 . 3 0 ] 1 . 3 J J 1 . 26 3 1 . 2 3 3 1 . 2 1 2 i . j - • B 1 . 1 ::! P i . i ; ; l 1 . 1 7 4 1 . 1 6 3 1 . 1 t- T 
I C O 1 . 1 S 5 i . : ' . 6 1 . 1 3 4 1 . 1 3 " . 1 . 1 4 7 i . i • 6 l . l e , 2 l . ; 6 3 1 . 1 1- 6 1 . 1 * ° : , i 32 
2 5 . v ] . 0 '> r " . ? 9 r 1 .<- 2b i - ^ t > 2 1 . '•• 9 5 i . i . *; 1 . 1 2 1 1 . ] I B 1 . 1 6 1 . .'. rt 7 1 . 7f. 
5 f ' . ( f ' . f i q o 1 . T ] r . ^ 7 5 1 •• 2 4 1 . : 5 7 i . . ' 5 1 . . " 2 l . i t : 1 . - 71 J . '•? 
1 0 0 . 1 o . e 2 ? •: . -f 2 6 r . 9 6 1 1 . C 1 3 1 . C 4 3 i . ' . • , j 1 . 0 7 C 1 . • 7 S l . - ' 7 n : . :•:•? 1 . • ' 1 
2 0 0 . 0 r . 8 19 ;.' . 9 - 4 C: . 9 9 1 i . •: * z 1 . ' 7 7 1 . 1 s 1 . 1 2 8 1 . 7 5 •-' 1 . 1 7 • , ; q i 1 . K .": 
5or .<. ' , « < i ' . l . 9 P ' . 1 . • ' 6 C > 1 .1 .7 -1 2 . t ' 3 1 * 2 >. • ' , l . i l l 1 . 3 5 f 1 . 4 >t : . i 7 i . - *•:. 
table 11. Comparisons far the ioni; data. 
Al (Z = 13) 





T l 0 exact 
0 
est 







































4.135 4.153 1.004 
Table 11. Continued 
Fe U - 26) 


















































































Table 11. Continue 
Mo (Z - 42) 
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l / * 
6 -
Z = 42 






J I I I I 
8 - EBF(Q S=0.036) 
T,= 25keV 




^ E B M Q s = 0.036) v 75keV 
^"V. ••» v^-tO.045) "V\ < ^ - (0.051) 
^*^. ^^ ̂
^ i 
i 1 ***** i 
k EBF(Q s =0.036) 
(0.045) 
T, = 200keV 




T, = 5 keV 
8 - E8F(QS= 0.040) T,= 25keV 
6 
(0.059) t b 




T, = 75 keV 
" (0.059) N . ^ S 
E S \ ^ 
1_ i i i i 
0 0.2 0.4 0.6 0.8 1.0 
k/T, 
Figure 5 
Z = 68 
EBF(QS=0.Q43) 
T. = 5 keV 
(0.074) 
ES 
I I I L 
8 
6 i 
. EBF(QS = 0.043) V = 25keV 
* . 
- , — — - — . 
r " ' ( 0 .074 ) ES 
1 i i J i 




T, = 5 keV 
2 -
8 











T, = 75keV 
j L j i 











- 1 1 1 1 1 1 1 
1 = 5 keV 
i i , 
n 1 
* 
k / T =0.60,0.95 
\ Q • Fe ions /{• 
A A Mo ions ii 
o • W ions hi-0 • Al ions 
ii a ' 
k / T = 0 . / 
1 7 
ii -
/ 1 - ; • 
K / T =0 .60 . / / / 
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